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Abstract
Objective The aim of this study is to investigate the effect of transfected hTERT gene on cell apoptosis
of newborn rat cochlear basilar membrane cells (CBMCs). Methods CBMCs isolated from newborn rat
cochlear were transfected using a plasmid containing human telomerase reverase transcriptase gene
(pCI-neo-hTERT) , and were screened using G418 to obtain stable transfected cell lines. Cell apoptosis rate
was analyzed by flow cytometry. hTERT and apoptosis related genes expression were detected by reverse
transcriptase polymerase chain reaction (RT-PCR). Results hTERT gene expression was detected 72 hours
after gene transfection in transfected cells. The apoptotic rate of transfected CBMCs significantly reduced.
Expression of apoptosis related genes correspondingly changed. Conclusion Transfection of hTERT gene
leads to reduced apoptosis rate in newborn rat CBMCs.and lower expression of apaf1, Caspase3 and BCL2
in transfected cells as compared to that of normal CBMCs.
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Introduction
Research of Inner ear hair cell regeneration is current-
ly popular for the treatment of sensorineural deafness.
However inner ear cells are difficult to obtain. This
study uses hTERT gene transfection in newborn rat co-
chlear basilar membrane cells to enhance cell subculture
ability, and flow cytometry and RT-PCR for detection of
hTERT gene transfection effects on cell apoptosis.
Materials and methods
Material
Experimental animals. 4 day old newborn
Sprague-Dawley (SD) rats, purchased from Xi'an Jiao
Tong University Medical college Laboratory Animal
Center. The experiment protocol was approved by Xi'an
Jiao Tong University animal experiment board.
Main reagents. DMEM/F12 medium (Gibco), fetal
bovine serum (HyClone), 0.25% trypsin (Amresco).
PCI-neo-hTERT plasmid (from Professor Wang Huayan
of Northwest A&F University), Plasmid Extraction Kit
(Sigma), Trizol (Invitrogen), cDNA synthesis Kit (Fer-
mentas), PCR reagent (Beijing Kang Century), Lipo-
fectamine2000 (Invitrogen), G418(Gibco), Annexin
V-FITC/PI double staining apoptosis detection kit (Nan-
jing keygen), PCR primers were from Beijing Bioko
peak biological synthesis.
Main equipment. Dissecting microscope, low-temper-
ature centrifuge (Eppendorf), flow cytometry (BD FACS-
Calibur), PCR (Bio-RAD), electrophoresis, gel imaging
system (Bio-RAD) (SYNGENE G: BOX).
Methods
Affiliation:
1Department of Otolaryngology, the secondAffiliated Hospital,
Medical School of Xi’an Jiaotong University, Xi’an China
710061.
2Department of Otolaryngology, Shaanxi Provincial People's
Hospital, Xi’an China 710068.
Corresponding authors:
XU Min, Email:ent551205@163.com
106
2012 Vol.7 No.2
Rats were anesthetized with 2% pentobarbital sodi-
um (2ml/kg) and decapitated after immersion in 75%
ethanol for 1-2 minutes. The head was cut along sagit-
tal midline into two halves and brain tissue removed
with cotton to expose the posterior cranial fossa. The
temporal bone was taken out and the ear and temporal
bone soft tissue removed to exposed the otic vesicle.
With a cotton swab to clean, the cochlea cartilage was
carefully uncovered and removed. The membranous laby-
rinth was separated and soaked in PBS solution. Under a
dissecting microscope, the basilar membrane was isolated
from the ductus cochlearis, together with spiral ganglion,
spiral ligament, and stria vascularis.
Primary cell culture. cochlear basilar membrane
specimens were rinsed in PBS medium, adding 0.25%
trypsin for about 5 minutes. Serum containing medium
was used to terminate digestion. This was followed by
natural precipitation and sucking impurity and centrifuga-
tion for 5 minutes (800 rpm). Supernatant was discarded.
Culture liquid (1 ml) was added and cells were blown
open. Cells (5 ml) were grown in the bottle with change
of the medium after 3 days. When the attached cell
growth was confluent in the culture bottle, the cells were
passaged.
Transfection with plasmid pCI-neo-hTERT. Lipid
Lipofectamine 2000 was used according to the recom-
mended protocol. Transfected cells were screened with
G418: first dose at 200 u g/mL, changed to100 u g/mL 3
days later,and 50 u g/mL until 2 weeks for maintenance.
Detection of hTERT Gene transcription using re-
verse transcriptase polymerase chain reaction. Fol-
lowing the harvest of cells transfected with hTERT gene
(72 hours after transfection without screening) and cells
untransfected, total RNA was extracted using Trizol
reagent, then reverse transcription to cDNA and poly-
merase chain reaction (PCR) were performed. The specific
primers were as in Table 1. Reaction conditions: modifi-
cation at 94℃ for 2 min; denaturation at 94 ℃ for 30s,
annealing at 55 ℃ for 30s, and extension at 72 ℃ for
30s. This was repeated for 25 cycles and ended with an
extension at72 ℃ for 2 min. Reaction products were de-
tected by agarose gel electrophoresis. The expected sizes
for hTERT PCR products were 448 base pairs (bp).
Apoptosis analysis of transfected cells and untrans-
fected cells. Digestive cells were collected and cell sus-
pension produced. The suspension was centrifuged at
1500 rpm for 5 min and supernatant discarded. PBS (3
ml) was added and cell suspension in the PBS was made
using vortex oscillators followed by, centrifuge at
1500rpm for 5 min and discard of supernatant. Binding
Buffer suspension cells (300 uL) was added. Annexin
V-FITC, Propidium Iodide (PI) was added after mixing
and blended before using the instantaneous centrifugal
liquid collection. Reaction was allowed at room tempera-
ture for 5-15 min. Flow cytometry (excitation wave-
length Ex = 488 nm, and emission wavelength Em = 530
nm) was performed in 1 hour with annexin V-FITC
green fluorescence through the FITC channel (FL1) de-
tection and PI red fluorescence through the PI channel
(FL2) detection.
Detection of expression of apoptosis related gene us-
ing RT-PCR. Following harvest and screening with G418
of hTERT gene transfected and untransfected cells (20 gen-
eration), total RNA was extracted using Trizol reagent, fol-
lowed by reverse transcription to cDNA and polymerase
chain reaction (PCR). The specific primers and expected
sizes for PCR products were as in Table 1. Reaction condi-
tions: a modification at 94℃ for 2 min; denaturation at
94℃ for 30s, annealing at 55℃ for 30s, extension at 72℃
for 30s. This was repeated for 30 cycles and ended with and
extension at72℃ for 2 min. Reaction products were detect-
ed by agarose gel electrophoresis. Gene tools software was
used to measure strip relative gray.
Results
Primary cell morphology .The experimental primary
cultured cochlear basilar membrane cells grew well in
gene
hTERT
apaf1
bcl2
casp3
GAPDH
F 5’-TCC AGG CAC AAC GAA
C-3’
R 5’-CGT CAG GCT TGG GGA
T-3’
F 5’-GAC GAC AGC CAT TTC
CTA ACA-3’
R 5’-GGT GGT TGC TCT TAT
TGG TGA-3’
F 5’-ACG AGT GGG ATA CTG
GAG ATG-3’
R 5’-TAG CGA CGA GAG AAG
TCA TCC-3’
F 5’-GGA GCA GTT TTG TGT
GTG TGA T-3’
R 5’-TCC ACT GTC TGT CTC
AAT ACC G-3’
F 5’-ACA GCA ACA GGG TGG
TGG AC-3’
R 5’-TTT GAG GGT GCA GCG
AAC TT-3’
Primer sequence Length ofproduction
448bp
474 bp
232 bp
200 bp
252 bp
Table 1. RT-PCR Primer sequence
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1 -2 days. On Days 3 to 4, large amount of sardine ball
like dense cell clusters were visible around tissue chunks
in the medium. Tufted distribution of epithelioid cells
were also visible, some fused to form a monolayer with
a cobblestone pattern. Cells were flat, triangular or po-
lygonal. Cells were larger when there were less cells,
whereas they were smaller but denser when there were
more cells.
A small number of cells were floating after liposome
transfection, G418 screening led to massive cells death
starting on the third day. The clones of G418-resistant
cells were obtained after two weeks and were passed for
more than 20 generations without significant changes in
cell morphology.
Expression of hTERT gene was detected using RT-PCR
with specific hTERT primers. For transfected cells,
448-bp-specific amplification bands of hTERT were de-
tected, whereas for untransfected cells, no specific band
was detected, indicating successful transcription of
hTERT gene into mRNAin transfected cells. (Figure 1)
Apoptosis of transfected and untransfected cells using
flow cytometry. The apoptosis rate was 28.46% in 14
generations of non-transfected cells and was 3.83% in
the 14 generations of transfected cells. The apoptosis
rate was cells 65.29% in 20 generations of non-transfect-
ed cells and 12.31% in the 20 generations of transfected
cells (Figure 2).
RT-PCR test results showed that expression of apopto-
sis related gene (BCL2, apaf1, Caspase3) were increased
in stably transfected cells (Figure 3, Table 2).
Discussion
Recently, the research on hair cells regeneration in the
inner ear is very popular, including induction of supporting
cells to differentiate into hair cells and transplantation of
bone marrow mesenchymal stem cells into the inner ear.
But giving normal hair cell functions to the regenerated
cells remains a challenge, because the mechanism of
growth and differentiation of inner ear cells remains un-
clear. The key in this process is to obtain adequate amount
of cochlear basilar membrane cells.
Figure 1. bcl2, caspase3, Apaf1 gene expression RT-PCR gel elec-
trophoresis map comparison of transfected cells and non- transfe-
ced cells.
Figure 2. results of hTERT gene transfection of RT-PCR at 3
days. Note: M: DL2000 marker, 1: hTERT transfected cells, 2
non- transfected cells
Figure 3. left for the transfected cells (20 generations) apoptosis,
right for non- transfected cells (20 generations) apoptosis.
genes
Transfection
Control
bcl2
14.76±3.18
27.59±2.76
casp3
37.76±3.49
46.51±3.24
apaf1
55.40±3.73
65.69±4.23
GAPDH
100
100
Table 2. relative density values (set GAPDH corresponds with optical density =100).
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Telomeres are the linear chromosome ends of repeated
DNA sequences, which maintain chromosomal stability
and cell activity, and play an important role in the exten-
sion of cell life. Telomerase, using its own RNAas a tem-
plate, adds telomeres to the ends of a linear chromosome,
thus enhancing the cell activity and extending the lifespan
of cells. Liposomal transfection of PCI-neo-hTERT plas-
mids into cells with enhancement of cell activity and cell
life, have been reported both at home and abroad [1].
In this study, hTERT expression was detected by
RT-PCR 72 h after transfection of PCI-neo-hTERT in
G418 screened stable transfected cells. On cell flow cy-
tometry the improvement of proliferation of transfected
cells was not obvious. However inhibition of apoptosis
plays an important role. So we think that higher hTERT
expression is the key to inhibition of apoptosis, and
gives stronger passage capacity to the transfected cells.
Studies with malignant tumor cells have been provided
additional information on detection of telomerase activi-
ty and expression. And telomerase proteins are usually
easy to detect.
For normal body cells transfected with pCI-neo-hTERT
plasmid, the enhanced telomerase activity has been
detected although with negative telomerase protein
detection. It is speculated that hTERT plasmid transfection
leads to inhibition of cell apoptosis and extension of the
life of these cells, while maintaining the original proper-
ties of the cell.
Research of gene regulation of cell apoptosis began
with the Elegans apoptosis gene discovery. Of these
genes, CED-3, CED-4 and CED-9 genes carry important
significance. CED-3, CED-4 expression is found in all
Elegans apoptotic cells, and required for apoptosis initia-
tion and continuation, while the role of CED-9 is the
opposite from that of CED-4. In mammalian cells Cas-
pase3, apaf1, BCL2 are equivalent to the CED-3, CED-4
and CED-9 genes respectively with homology. And the
apoptotic process run by the BCL2 - apaf1 - caspase3
order [2]. In a variety of malignant tumor cells, BCL2 and
hTERT often have high expression, inhibiting apoptosis
mediated by mitochondria. BCL2 and hTERT expression
are positively correlated [3,4], but their mutual causal rela-
tionship and interaction mechanism are not clear.
Bcl2 is localized to the mitochondrial membrane, main-
tains mitochondrial morphology and function, and inhibits
the release of cytochrome C, thereby inhibiting apoptosis [5,
6]. The Caspase family works in the process of cell death,
playing different roles and regulated by BCL2. Caspase8
and Caspase3 determine initiation and execution of apop-
tosis respectively, with an upstream/downstream relation-
ship [7]. Apaf1 (cell apoptotic protease activating factor - 1)
works as BclXL/Apaf1/ Casp9 complexes between BCL2
and Caspase3, promoting apoptosis[8].
In this study, detection of expression of Caspase3 and
apaf1 in cells transfected with hTERT decreased. hTERT
transfection may inhibit Caspase3 and apaf1 expression,
and flow cytometric detection also showed a decline of
apoptosis rate. In malignant tumor cells, the expression
of hTERT is positively related to BCL2. In this experi-
ment with hTERT transfection in normal rat primary
cultured cells, RT-PCR detected hTERT expression was
significantly higher than that of non-transfected cells,
whereas the expression level of BCL2 decreased. We
can guess that effects of hTERT on cell apoptosis is
between BCL2 and apaf1. High expression of BCL2
may increase hTERT expression levels, and artificially
transfected hTERT into normal cells may cause lower
expression of BCL2 by negatively feedback.
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